We present here electron microprobe and petrographic analysis of Apollo 11 samples of a crystalline rock and separates from a soil sample. A polished thin section of sample 10017-16 was examined microscopically. The sample is an equigranular, crystalline rock in which most crystals are about 0.5 to 1.0 mm in largest dimension. In transmitted light, four major phases can be recognized: (i) clinopyroxene, which occurs as short subhedral crystals; (ii) plagioclase, occurring as anhedral lathshaped crystals; (iii) opaque minerals, dominantly euhedral ilmenite; and (iv) a partly crystalline, very fine-grained intergranular mesostasis containing several phases. A few vesicles, generally 10 . P. D. Lowman, Jr., J. Geophys. )?es. 74, 495 (1969) ; R. T. Reynolds and A. L. Summers, ibid., p. 2495; Y. Nakamr a afd G. V.
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Draughn for microprobe operation, G. A. Desborough for sulfide standards, the Clayton and Hafner groups for sample cooperation, and R. Banovich, A. Devitt, and I. Baltuska for technical help. We thank J. Warner of NASA for excellent cooperation. Supported by NASA grant NAS 9-8086. We thank NSF (grants G-1658, GA-4420, and GA-1656), ARPA, Union Carbide Corporation, Herz Foundation, and University of Chicago for basic and specific support. 4 Fig. 1 ). These areas appear to be a second pyroxene phase with low calcium concentration (pigeonite?) at the boundaries of the prevalent pyroxene phase (Table 1) . Abstract. Plagioclase feldspar, clinopyroxene, and ilmenite in a polished thin section of a type A crystalline rock were analyzed. The clinopyroxene grains are compositionally variable, and both high Ca and low Ca phases are present. The plagioclase is compositionally homogeneous. The ilmenite is chemically homogeneous except for occasional, small areas of high local chromium concentration. Accessory minerals are: apatite (containing Cl, F, Y, and Ce), troilite, and metallic iron. Glassy spherules from the lunar soil are for the most part similar in composition to the crystalline rocks; however, some appear to have been monomineralic. The crystalline rock has apparently formed by relatively rapid cooling of a silicate melt under conditions of low oxygen partial pressure. Many components of the soil appear to have formed by meteoritic impact.
Several apatite grains were identified. s
The mineral was found to contain small concentrations of Cl, F, Y, and Ce.
One part of the section contained a number of very silica-rich areas mixed with the plagioclase. The distribution of these areas is shown in the electron microprobe scanning pictures (Fig. 2) .
Ilmenite Four angular glass particles were analyzed. These were for the most part isotropic, ranged from translucent to opaque, and contained weakly, birefringent lath-like inclusions. All four angular fragments were heterogeneous, with compositions similar to that of the lunar rocks and soil. The presence of Ni-Fe spherules in the glassy spherules is strong evidence for impact origin.
Two types of metals were investigated: (i) metallic areas associated with particles separated magnetically from soil sample 10084 and (ii) a metal fragment extracted from a breccia rock 10046-18a.
Several particles were extracted from the soil with a hand magnet. Some are melted, spherical in shape, and composed mainly of glass. Others are vesicular and complex in shape and contain large cavities and fragments of crystalline rock. Scanning electron microscopic examination showed that metallic areas occur both within and on the surface of the soil particles. The metal content varied greatly from one particle to another. The metal inclusions in the soil particle are small (< 30 Mum) and often rounded.
They are swathed in troilite, and their microstructure indicates shock-hardening.
Two metal areas, less than 10 ,um in the largest dimension, were analyzed. One contained 13 percent Ni, 85 percent Fe, approximately 0.9 percent Co, and 0.4 percent P. The other contained 10 percent Ni, 85 + 5 percent Fe, approximately 0.6 percent Co, and 0.35 percent P.
Another rounded metallic phase in a frothy complex soil particle is composed of essentially Fe and 0.4 percent Co. Nickel and P were not detected.
The metallic sample from the breccia is irregularly shaped and about 0.7 mm in its longest dimension. In a polished section, it exhibits a eutectic-like structure consisting of a very fine dispersion of phosphide and metal with lesser amounts of sulfide and carbide.
Extensive electron microprobe analysis of this particle shows the following. The metallic area surrounding the eutectic structure consists mainly of Fe with about 2 percent Ni, 1 ± 0.2 percent P, Work we have carried out so far has been primarily on particles and dust (10085,2) from the 1-to 10-mm fraction of the bulk sample, and on rock 10044 (rock specimen 10044/43, covered section 10044/ 42, polished section 10044/41). In this report specimens from 10085,2 are given the prefix B followed by our own laboratory serial number.
In the igneous rocks grain size has 592 and no Co. The eutectic-like area contains on the average 6 + 1 percent Ni and 1 to 1.5 percent P with small amounts of S and C. Electron microprobe scans show a strong correlation between Ni and P in the eutectic with the highest Ni region adjacent to the eutectic area. The carbides contain about 6.5 Abstract. Fragments of igneous rocks and breccias, and one coarse-grained rock with thin sections, have been studied. Minerals found include pyroxene, plagioclase, olivine, ilmenite, troilite, ulvospinel, native iron, cristobalite, tridymite, alkali feldspar, apatite, and quartz. Textures are described and interpreted. Among features revealed by optical, microprobe, x-ray diffraction, and electron microscope methods are extreme zoning and unmixing in pyroxene grains, compositional variations in ilmenites, and effects of shock metamorphism. Some trace elements were determined by x-ray fluorescence analysis.
